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(54) Electrically tunable multiband planar antenna 



(57) An antenna arrangement for mobile telecom- 
munication devices comprises a planar radiating ele- 
ment (101) ; a ground plane (402) parallel to the planar 
radiating element (1 01 ) and means (301 , 302 : 303, 31 1 , 
312, 313, 41 1 , 41 2, 41 3, 421 , 422, 423, 431 , 432, 433) 
for providing a grounding connection between the pla- 
nar radiating element (101 ) and the ground plane (402). 
The means for providing a grounding connection be- 



tween the planar radiating element (101) and the ground 
plane (402) comprise a number of grounding connec- 
tions (301/311, 302/312, 303/313, 411/412/413, 
421/422/423, 431/432/433). A number of them is inde- 
pendently controllable between certain states. The state 
of each independently controllable grounding connec- 
tion (301/311, 302/312, 303/313, 411/412/413, 
421/422/423, 431/432/433) has an effect on certain op- 
erational frequency bands of the antenna arrangement. 
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T" COnce c ms 9 enera "y the technology of using small-sized planar multiband antennas in portable 

STSZ^ST T"" ESP K Ci ! ,ly inVenti ° n C ° nCemS ,he ,eChn ° l09y of ,uni "9 such ™« iband antennas so 
mat their operational frequency bands can be controlled to match certain target values 

[0002] An individual operational frequency band of an antenna arrangement, or just an antenna for short is the 
cont nuous range of frequencies through which both the resonance characteristics of the resonant antenna element 
and the impedance matching between the resonant antenna element and the antenna port of the device coupled thereto 

and thelmnT l ° "fS eff,Cient transmission and/or »«**>"■ ™* ^ena for both the resonance SESSS 
and the impedance match.ng are set in terms of attenuation in decibels, and these are typically laid down in system 
specrf.cat.ons. A mult.band antenna means an antenna that has several operationai frequency bands A Te lectS 

IhSTaltoT 7 " ant6nna ^ ' eaSt ° Perati0nal ' reqUenCy band ° f Which Can be re P-^'V -d conTrS 
rn«2S TV f QUenCy 3X15 by apP ' ying an eleCtric contro1 si 9 nal to a certain P a « of the antenna 
SESLt Plana ^ ,n , verted - F Antenna . known also by its acronym PIFA, consists of an essentially planar radiating 
I , f ° Un , d P ' ane that is essential| y P ara » a ' to the radiating element, a feeding pin for coupling the radia ng 
Z r^r d " p,eXe ; t 0r S K ° me ° ,her Part 0f a radi ° device ' and a 9™" di ng connection for coupling a Lain point of 
ZV« T ? ,T t0 9r0Und P ' ane The 9r ° Unding co "" ec tion is also cal.ed a short-circuit to ground or just a 
111 h T 1 T™* P,FAS ^ be Pr ° dUCed by makin9 branches of different dimensions to the rad a«ng 

o oZL a mul a P lH C 7 f ? di " 9 31 3 SUilab ' e ,OCaU ° n WUh r6SpeCl l ° lhe branches - Anolber k "own way o" 
producing mul , band planar antennas .s to use a number of independently fed planar radiating elements above a com- 

™3"" d P ^ P "°: f Poblications that dolose multiband planar antennas are known from e.g. EP1 026774 
EP1024552, US6072434, US5926139, EP0856907, US5764190 and W09627219 

£°ucL il^,^ 15 " 0 fe C ° ntinu , ous, y demanding a so-called world phone, meaning a single mobile telephone that could 
bo used .n all major mob,te telephone networks around the world. A considerable hindrance to the task of developing 
th a rl a J a h! ' S ,hat diff 6rent mobi,e te,e P hone ^tems use a variety of frequency ranges. On the other hand 

there is a clear trend towards smaller and smaller mobile telephones preferably with no protruding antennas This 

oo^lT mM °T haV ! n g Several °P- ational the wor, d phone antenSa shou.d^X«ona' V 

oZv VI Z th" f r ° COV6rS ° f 8 m ° dem m0bHe te ' eph0ne With the antenna technology of the 

so feasible sofutton ap P ,,Cation ' these requirements mean that a multiband planar antenna is about the only 

L°oooL^!f C !^ Cally tUnab ' e antennas are known from publications EP1014487. US5943016 US 5777581 
EP0993070, JP1 02241 42 and JP9307344. The possibility of electrically tuning the antenna represents a remarkable 

Zl t 3 mUl,iband an,6nna ' bUt 6Ven th6Se S0,Uti0nS ,eave certai " g^stions regarding how 

tlons IS r 9 t T 8 ' mplemented - Additionally there is the problem of how should the mobile telecommunica 

band d hanfh!n^ 

band than the one onto which the antenna of the mobile device has currently been tuned 

KinriV- h" 0bj !? tiVe ° f PreS6nt inVenti ° n l ° pr ° Vide a " antenna arra "gement that has multiple operational 
ST^.^T^T 8 "1 T tUnin9 ^ ° Perati0nal ,rCqUenCy bandS t0 reduired '° ca «° n * 0" the frequency 
oTdurt L 1 tit I ? ° f f 16 ' nVenti0n th3t the ant6nna arran g eme "t is compact in size and suitable for mass 
Z rZT n »r< f J °I thS inVenti ° n iS l ° make ft easy to ada P l the tunin g t0 situat ions where tuning should 

be changed for some reason. A yet another objective of the invention is to solve the problem that arises when the 

c^«y a utn n g na ^ * * b8nd than ^ * ce »«o S-^S 

o°r^IL ° bje f VeS , 0f the inven,ion are achieved b y Providing a planar radiating element and multiple controllable 

ZZSSEZSS? T P ' anar radiatin ° e ' ement 10 an adjaCem 9r0Und P' ane - and b * dimensioning the electric 
con IrSZ ■ ^fh *T " 9 COnnections in a suitable ™* ^ objectives are further achieved by arranging the 
Zl nt 6 9f T 9 Conneclions in an advantageous way. A yet other aspect of achieving the objectives of the 
invention is to use a fixed wideband antenna for receiving. j<«,«ves 

Lnt n 8 LnT h f ant ^ nna ^"g^ 6 " 1 according to the invention is characterised by the features recited in the independ- 
ent patent claim directed to an antenna arrangement. ^ 

Somiir^ln'th^'H H Vemi ° n 8PPlieS l ° 8 m0bHe telec ommunications device the characteristic features of which 
fnn/nf "ndcpcndcnt patent claim directed to a mobile telecommunications device 

S. te m?\ nCal, r Unin9 a ( nt6nna iS " 0t n ° Vel 38 SUCh - 11 haS been im P'emented e.g. by placing various conductive 
tuning elements .n the vic.n.ty of a radiating element and using electrically controllable semiconductor switches to open 
rnni?, V C ° nneCtl0ns between the tuning elements and the radiating element in a controlled manner, 
oner!. t^T V° ' n , Vention ' " is n0t feasib,e 10 tf V to cover all required frequency ranges of a mobile telephone 
^S^hS^ST? ' tranSm,SS, ° n in a murtitude of mobi,e telephone systems by building an antenna so that it 
would mherently have operational frequency bands that would match each required frequency range. A multiband 



35 



40 



45 



50 



55 



2 



BNSOOCID: <EP_ 



1248317A1J > 



EP1 248 317 A1 



10 



15 



20 



25 



planar antenna can be constructed by using techniques known as such by making the planar radiating element to 
consist of at least two branches. A relatively simple but highly effective and reliable tuning arrangement then consists 
of a multitude of differently dimensioned and controllably switched grounding connections between the planar radiating 
element and an adjacent ground plane that can be opened and closed in various combinations. 
[0012] In a preferred embodiment of the invention there are three controllably switched grounding connections rel- 
atively close to each other between the radiating element and the ground plane. The term "controllably switched" is 
interpreted widely so that it covers even a case where one of the connections is permanently in an "ON" state, i.e. 
does not actually need to have a switch at all. Each grounding connection represents a certain impedance between 
the (approximately common) coupling point at the radiating element and the ground potential. The impedance consists 
of the series resistance of the switching component, a tuning capacitance, a parasitic inductance of the switch package 
and the inductance of the grounding connection itself. Various combinations of carefully dimensioned impedances 
result in an antenna arragement where certain states of the switches on the grounding connections correspond to 
matches between the operational frequency bands of the antenna arrangement and the frequency ranges of the re- 
quired mobile telephone systems. 

[001 3] The problem of inherently narrow impedance bandwidth of multiband planar antennas is most advantageously 
circumvented so that the antenna according to the invention is only used in a mobile telephone (or more generally: in 
a mobile telecommunications apparatus) for transmitting. A separate antenna can be used for receiving. Such an 
arrangement loosens considerably the requirements for providing a high-quality versatile duplexer. Using separate 
antennas for transmission and reception also allows optimization to be made separately for both modes. The invention 
does not exclude using the antenna according to the invention for both transmission and reception, or even using two 
antennas according to the invention so that one is used for transmission and the other for reception. 
[0014] An advantageous feature of the electrically tunable antenna arrangement according to the invention is that 
by using an appropriate feedback loop, the tuning can also be utilized for compensating for imperfections in antenna 
operation that arc caused by the user's hand being placed too close to the radiating antenna element. 
[0015] The novel features which are considered as characteristic of the invention are set forth in particular in the 
appended claims. The invention itself, however, both as to its construction and its method of operation, together with 
additional objects and advantages thereof, will be best understood from the following description of specific embodi- 
ments when read in connection with the accompanying drawings. 
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Fig. 1 illustrates a known PI FA, 

Fig. 2 illustrates the known PI FA of fig. 1 in more schematic view, 

Fig. 3 illustrates an antenna according to an embodiment of the invention, 

Fig. 4 illustrates the antenna of fig. 3 in a partly more realistic view, 

Fig. 5 illustrates a mobile terminal according to an embodiment of the invention, 

Fig. 6 illustrates a method according to an embodiment of the invention, 

Fig. 7 illustrates a mobile terminal according to another embodiment of the invention and 

Fig. 8 illustrates the use of a feedback loop in association with the invention. 
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[0016] The exemplary embodiments of the invention presented in this patent application are not to be interpreted to 
pose limitations to the applicability of the appended claims. The verb "to comprise" is used in this patent application 
as an open limitation that does not exclude the existence of also unrecited features. The features recited in depending 
claims are mutually freely combinable unless otherwise explicitly stated. 

[0017] The following table summarizes the center frequency and transmission bandwidth requirements for a mobile 
communications device that could operate in the mobile telecommunications systems known as IS- (Interim Standard) 
54, IS-136, IS-95, EGSM (Enhanced Global System for Mobile telecommunications), PCN (Personal Communications 
Network), PCS (Personal Communications System) and UMTS (Universal Mobile Telecommunications System). 
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System 


TX bandwidth (MHz) 


center frequency (MHz) 


IS-54, IS-136, IS-95 


25 


836.5 


EGSM 


35 


897.5 


PCN 


75 


1 747.5 


PCS 


60 


1880 


UMTS 


60 


1950 



[0018] These are encountered in combinations so that it is reasonable to require a "world phone" to be operable at 
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about a S„ - t J" SM + PCS Ph ° ne - ^ ' S - 54 + ' S - 1 36 + ,S " 95 + PCN P hone ° r a " UMT S Phone. Speaking 
appLble «o al . !2? 7! COnStrued t ° P,ace ,imitations 10 the aPP'icabilfty of the invention: the invention is equally 
lllnT ,° 6 telecommunicatl °n devices that should be operable in at least two of said combinations or 

EST 96 31 ' eaSt l "° m0bMe te,ecommunication environments that have different operational ffequ^ 

5SI 1 SmS n nH i " UStoa Sr 3 tW °" band P ' FA ' in WhiCh the form ° f the electrically conductive radiating element 

^kia Mob? P t ° 1 ' fr0m ^ m ° bile te ' eph0ne m ° del " Umber 8210 manufactured and sold by 

ttaf S ™« f ^ Pn ° nty d3te ° f tWS Pa,ent a PP ,ication The basis of .he structure is a ground plane 102 

02 heTe X SES? h 0 f SS , ent,ally C ° n : inU0US C ° ndUCtiVe ,3yer °" ° ne SUrfaCe 0f a PCB °" ^ of the ground plane 
Tnl i Z P l , ?5 I 6 CtnC SUPP ° rt bl ° Ck 1 03 that has *"> parallel P ,anar ,aces - ° ne ol these is against the ground 
p ane 1 02, wh.le he other supports .he radiating element 101. A feed connection 1 04 is coupled to a LdSg 2 

connecfo'n Zf h 6 " 1 1 °l t l ™* m ** a " 1 06 j " *» 9—d plane 1 02 ailows'the lower end oUh fled 

connection 104 to be coupled to the antenna port of a radio device (not shown). A ground connection strip 107 also 

0^ Top r^ 0rtin . 9 P ° St ' ^ 3 9r ° Undin9 P ° int 1 ° 8 °' the radiati "9 ele ^nt 101 to the ground p ane 02 oZ 
,?nT, S rad,a,m9 e ' ement 1 01 " aS a " eleCtric len 9 ,h tha t ^ remarkably greater than .hat of the other branch 

maniSt d h e T **** ^ ,or *» aM resonance of the branches whl in , urn 

manifest themselves as the two operational frequency bands of the antenna 

[0020] Fig 2 is an even more schematic representation of the antenna of Fig. 1 . The radiating element 1 01 is shown 
n planar projechon with the form of its .wo branches 109 and 110 as well as the loca.ions of .he feeding point 105 and 

StSr^S^rT^,"!? P ° rt 201 ° f 3 radi ° d6ViCe iS a,S ° somatically shown in F, 9 2 

\nfa\ 2r , 3 ° f F ' 9S ' 1 and2 m ° dified 10 aCCOrd With an embodiment of the present invention 

In fig- 3 there is agam a rad.at.ng element 101 with a feeding point 105 and a grounding point 108 The feeding pZt 

lun d r P ^ ant6n " a 201 ° f 8 radi ° d6ViCe ' WhiCh radi ° device il - lf is "wn in fig 3 Howtver ^ e 
grounding pent 108 ,s not directly coupled to ground. Instead, there are three alternative coupling paths between he 

IZtTZToZTtoTT'y and r 9 T n h d potentiar Each of the a,ternative couplin a paths has ^owXld 

ance 301 302 or 303, the impedance values of these being designated in fig. 3 as Z1 , 22 and Z3 respectively In series 
wth each impedance 301 , 302 or 303 there is a controllable switch 31 1 , 31 2 or 31 3 respectively The antenna of to 
^7 ed ^ C ' OSing 8nd ° Penin9 thS SWi,Ch6S ■ 31 2 and 313 in various combinations 9 
[0022] F.g. 4 illustrates a more reality-like implementation of the principle of fig. 3, although also in fiq 4 certain 

ItTrZT a ; e , Sh ° W 1 SChematiCa " y in ° rder 10 better their function. The'radiating element 1 01 is supported 

t lZTl T,? P ' ane 402 bV 3 dieleCtric block 103 that has ^ P aral| el Planar surfaces one .o 

a »£lT ,, 9 f 9r ! Und P ' ane 402 3nd the ° ther t0 SUpport the radiati "9 element 1 01 . A feed connection 404 is 
galvanically coupled to the radiating element 1 01 at a certain feeding point 

n? a °n 3 L™ r° Un k" 9 P ° int 1 08 ( ° r the immediate vicinity thereof) of the radiating element 1 01 is coupled to the ground 
and 431 tha 66 Pa ; a "f 9r ° Unding connecti0 -- There are three parallel ground connect^ strips JS 42? 

element To w 3 "S * ** die ' eCtriC b '° Ck 1 ° 3 that * P e ^endicu.ar to the ground plane 402 and the radiating 

element 101. We may say that the ground plane 402 and the radiating element 101 are horizontal and the ground 
connection stops 411 , 421 and 431 run across a vertical side of the dielectric block 103. Said direSons refer ol to 
on^T T T fi9 ' 4 Sh0U ' d n0t bS C ° nStmed 10 P,ace ,imrtations 10 the invention. The upper * of eacn 
v ic inL 9 ^n? ne H StnPS ^ 1 ' 421 and 431 iS 9 a ^"toa.. y cou P .ed to the radiating element 101 aUhe immedSe 
2° hS Sending po.nt 108, and the lower end of each of the ground connection strips 411, 421 and 431 is 

402 ln?I C °T ° 3 C ? ntaCt Pad ° f itS OW " Within an 0thewise "on-conductive opening 440 in the groundXe 
tZ'l «T ,mp,ementati °n the ground plane 402 is a conductive layer on the surface of a PCB so that at the 
non-conductive opening 440 the non-conductive base material of the PCB is visible 

4 0 22 2 o 4 r432 °eT D !r,!lt er ? S rt r h ^ COnnecUon stri P s 4 " ■ ™ ™« 431 is a controllable switch 412, 

S I^n V '. ^ h ^ COUp,edlnseneswitheachc o ntr o |lab| eswitch412,422and432isatuning capacitance 
413, 423 or 433 respect.vely. Each tuning capacitance includes a DC-blocking capacitance Each series connection 

lte 9 :°cinftv C Zr Stri H P ' 3 COntro " ab,e SWitCh 3nd 3 tUnin9 CaPadtanCe C °" StitUteS a connexion fZ the imme 
lt h M ? ST 9 P °' nt 108 ,0 the 9rOUnd P,ane 402 Each of these connections can be independently 

"2 422^ 

Torsi ofpHEMS , pZ*h V ° lt °V e ™ n l r °" ed solid sta te semiconductor switches such as FETs (Field Effect Transis- 
chTnicarSvi^^ T ? 9h E '° Ctr0n MObHity Transistors >' or vol.age-contro.lod MEMS (Micro-Eloctro-Mc- 
IT* ,t y } ? S Convent,onal s FETs a ^e not recommendab.e for the most demanding applications 

because they requ.re a relatively high control voltage (>5V) and have .ess advantageous RF input powercSamcteristics 

IfmlnTaTu^^^ 

[0025] At least some embodiments of the invention allow one of the switches 412. 422 and 432 to be permanently 
Cosed, ,e. replaced with a short circuit. Such a shorted switch may be accompanied with a tuning ca^ci te ncroup"ed 
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in series therewith, or it may even be a direct galvanic connection to the ground potential. 

[0026] Considering the impedance Zj between the grounding point 108 and the ground plane 402 represented by a 
single (i:th) grounding connection where the switch is in the ON state, it can be represented as 

A = R sJ + jXj = R si + j(u>L p + u>L shortJ - 1/(<oC tune j)), (1) 

where: 

10 R s,i = the series resistance of the i:th switch, 

j = the imaginary unit, 

Lp = the parasitic inductance of the switch package used to implement the switching function, 

L shon,i = tne inductance of the i:th ground connection strip, 

c tune,i = tne capacitance value of the i:th tuning capacitance and 

15 to = 2n times frequency. 

[0027] The resistance of each grounding connection is dominated by the resistance of the switch, so the resistance 
term in (1) is shown to consist of solely the series resistance of the switch. Specifically inductive components can be 
also added to each grounding connection, if it is regarded as advantageous to deliberately set the inductive reactance 
20 at some desired value. By choosing the tuning capacitance values and inductances properly it is possible to separately 
select the impedance value of each grounding connection. The fact that each ground connection strip is coupled to a 
slightly different point of the radiating element in the vicinity of the nominal grounding point also serves to slightly alter 
the effect of the state of each grounding connection to the resonance and impedance characteristics of the antenna 
arrangement. 
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FIRST EXEMPLARY EMBODIMENT 



[0028] Let us consider some exemplary cases. In the first case it is assumed that a first or "normal" state of the 
antenna arrangement refers to one where the middle switch (switch 422 in fig. 4) is ON, i.e. closed, and the other two 
30 switches are OFF, i.e. open. Let us further assume that the impedance of the middle ground connection as well as the 
other properties of the antenna arrangement have been selected so that in said normal state the antenna can be used 
as an EGSM + PCS antenna. This means that in the normal state the antenna has operational frequency<bands at 
897.5 and 1880 MHz, with bandwidths of 35 and 60 MHz respectively. 

[0029] If said exemplary antenna arrangement is to be used in a second state as an IS-54 + IS-136 + IS-95 + PCN 

35 antenna, there should be achieved a change of approximately -7% in the location of each operational frequency band: 
the lower operational frequency band should be transferred to 836.5 MHz with an allowable reduction of bandwidth to 
25 MHz, and the upper operational frequency band should be transferred to 1 747.5 MHz, with a required extension of 
bandwidth to 75 MHz. There are at leasttwo alternative ways of accomplishing the required changes. In a first alternative 
the right-hand switch (switch 432 in fig. 4) is ON and the other two switches are OFF, and the impedance of the right- 

40 hand connection (the one that includes switch 432 in fig. 4) is more inductive than the impedance of the middle con- 
nection (the one that includes switch 422 in fig. 4). In a second alternative both the middle and right-hand switches 
(switches 422 and 432 in fig. 4) are ON and only the remaining left-hand switch (switch 412 in fig. 4) is OFF. In this 
second alternative the combined impedance represented by the middle and right-hand connections must be more 
inductive than that represented by the middle connection alone. This means that in the second alternative the imped- 

45 ance of the right-hand connection must be predominantly capacitive. 

[0030] If said exemplary antenna arrangement is to be used in a third state as a UMTS antenna, there should be 
achieved a change of approximately +4% in the location of the upper operational frequency band from its location in 
the normal state: it should be transferred to 1 950 MHz, while keeping its bandwidth at 60 MHz. Again there are at least 
two alternatives: in said third state either the left-hand switch (switch 412 in fig. 4) is ON and the other switches are 

50 OFF, with the impedance of the left-hand connection being smaller than or equal to that of the middle connection, or 
both the left-hand and middle switches are ON and the right-hand switch is OFF. Suitable impedance values for the 
last-mentioned alternative can be found by simulating and/or experimenting. 

[0031] It is possible that certain problems arise in using an antenna according to the example described so far. For 
example, if closing the right-hand switch (switch 432 in fig. 4) should provide a predominantly capacitive connection 
55 to ground and thereby transfer all operational frequency bands downwards by the same percentage (-7% in the example 
above), one must note that the capacitive reactance represented by a certain capacitance is a decreasing function of 
frequency. This means that the effect of such a predominantly capacitive connection to ground tends to be smaller on 
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higher frequencies. Another fact to be considered is that it is always more difficult to cause an increase in the inductance 
of the overall grounding connection by parallel tuning strips than it is to cause decreases in inductance or increases 
m capacitance. A simple consequence of this fact is that it is easier to apply the teachings of this invention by tuning 
the operational frequency bands upwards from a certain predefined normal state than tuning them downwards from 
said normal state. 



SECOND EXEMPLARY EMBODIMENT 



[0032] The last-mentioned fact is a motivation for another exemplary embodiment of the invention where the IS-54 
+ IS-136 + IS-95 + PCN state is selected as the first or normal state instead of the EGSM + PCS state that was the 
normal state in the first example. Let us assume that in the normal state of an antenna arrangement according to the 
second exemplary embodiment of the invention the right-hand switch (switch 432 in fig. 4) is ON and the other two 
switches are OFF, and the characteristics of the antenna arrangement are selected so that in the normal state it has 
operational frequency bands at 836.5 and 1747.5 MHz, with bandwidths of 25 MHz and 75 MHz respectively. 
[0033] A change to a second state which is an EGSM + PCS state requires a change of approximately +7% in the 
operational frequency bands: the band/bandwidth combinations of the second state should be 897 5 / 35 MHz and 
1880 / 60 MHz. Again there are two alternative approaches. In the second state either only the middle switch (switch 
422 in fig. 4) is ON and the other two are OFF. or the middle and right-hand switches are ON while the left-hand switch 
is OFF. The total inductance of the grounding connection should be smaller than in the first slate. 
[0034] A change to a third state where the antenna could be used as a UMTS antenna would require an additional 
+4% upwards tuning from the second state. This is most easily accomplished by setting the left-hand switch (switch 
412 in fig. 4) ON. The resulting connection is the so-called dominating short, because it is physically closest to the 
feeding point. In order to accomplish the desired further upwards tuning, the inductance of the left-hand connection 
must bo smaller than tho inductance of the middle and right-hand connections. Depending on the dimensioning of the 
connections the third state may involve any combinations of ON and OFF states, including both ON and both OFF of 
the middle and right-hand switches. 

THIRD EXEMPLARY EMBODIMENT 

30 [0035] In a third exemplary embodiment of the invention we depart slightly from the combinations of cellular systems 
assumed so far: now we assume that a first (normal) state corresponds to EGSM + PCN operation, a second state 
corresponds to IS-54 + IS-136 + IS-95 + PCS operation and a third state continues to correspond to UMTS operation 
We also utilize the fact that the impedance characteristics of the grounding connections depend on frequency especially 
we assume that the left-hand connection (the one with strip 411, switch 412 and capacitance 413 in fig. 4) is predom- 
inantly capacitive on the lower cellular system frequencies (those under 1000 MHz) and predominantly inductive on 
the higher cellular system frequencies (those between 1500 and 2000 MHz). Producing a grounding connection that 
has such characteristics is considered to be within the capabilities of a person skilled in the art. Capacitance of a 
connection is a decreasing function of frequency. 

[0036] In a first or normal state the antenna arrangement according to the third exemplary embodiment of the inven- 
tion has thus operational frequency bands at 897.5 and 1 747.5 MHz, with bandwidths of 35 and 75 MHz respectively. 
In said first or normal state the middle switch (switch 422 in fig. 4) is ON and the other two switches are OFF In a 
second state, which is now the IS-54 + IS-136 + IS-95 + PCS state with bands/bandwidths 836.5 / 25 and 1880 / 60 
MHz, the left-hand and middle switches 412 and 422 are ON and the remaining switch 432 is OFF In a third (UMTS) 
state some remaining combination of switches ON or OFF is used, e.g. the outer switches 412 and 432 ON and the 
middle switch 422 OFF, or the left-hand and middle switches are ON and the right-hand switch is OFF 



FURTHER CONSIDERATIONS 

[0037] Throughout the preceding discussion we have assumed that there are exactly three independently controllable 
grounding connections and that these three grounding connections are galvanically coupled to a dual-branch planar 
radiating element at a point that is not clearly within either of the branches but located within the middle portion between 
the branches and relatively close to tho feeding point. Those assumptions have proved to result in practical embodi- 
ments of the invention, but they do not strictly limit the applicability of the invention. Firstly, it is clear that even with 
only two independently controllable grounding connections it is possible to realise four alternative operational states 
one with both grounding connections in use, two with only one of the grounding connections in use, and one with 
neither of them in use. Each of these states may cause the operational frequency band(s) of an antenna arrangement 
to be shifted to drfferent location(s) on the frequency axis. Note however that the PIFA principle requires there to be 
at least one grounding connection between the radiating element and the ground plane at all times 
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[0038] Regarding a transition from a dual-band state (e.g. EGSM +- PCS) where the antenna arrangement has a 
lower and an upper operational frequency band to a single-band state (e.g. UMTS) where the antenna arrangement 
has only a single operational frequency band that is higher on the frequency axis than the upper operational frequency 
band of the dual-band state, it is possible to use a controllable grounding connection that is galvanically coupled to the 

5 radiating element clearly within that branch the electric length of which is greater and that thus corresponds to the 
lower operational frequency band of the dual-band state. Setting such a controllable grounding connection ON short- 
circuits the antenna branch of the lower operational frequency band to ground, which means that it essentially stops 
functioning as a radiating antenna element, eliminating the lower operational frequency band altogether. Shorting the 
longer branch to ground also reduces the capacitive loading effect caused by the longer branch to the shorter branch, 

10 which causes a shift upwards in the resonance frequency of the shorter branch. 

[0039] Placing one controllable grounding connection apart from others means, however that the component count 
is increased, which is not advantageous: if the controllable shorting connections are located very close to each other 
as is schematically represented in fig. 4, all required switching functions and capacitances can be implemented within 
a single integrated component. Additionally placing the parallel grounding connections relatively close to each other 

15 is advantageous from the manufacturing point of view. Producing three essentially equally dimensioned grounding 
connections at a certain physical location in the antenna arrangement is easy to accomplish so that good yield in the 
manufacturing process is maintained. Using connective strips that run across a side surface of a dielectric structural 
part serves the same purpose. It would naturally be possible to place the connections wide apart from each other or 
to use springs, pogo pins or the like to implement the connections, but such arrangements tend to have a negative 

20 effect on manufacturing yield and operational reliability. 

[0040] Fig. 5 illustrates schematically certain parts of a mobile terminal according to an embodiment of the invention. 
An antenna 501 is coupled through a duplexing block 502 to a receiver block 503 and a transmitter block 504. The 
sink of payload data from the receiver block 503 and the source of payload data to the transmitter block 504 is a 
baseband block 505 which in turn is coupled to a user interface block 506 for communicating with a human or electronic 

25 user. A control block 507 receives control information from the receiver block 503 and transmits control information 
through the transmitter block 504. Additionally the control block 507 controls the operation of the blocks 503, 504 and 
505. 

[0041] In accordance with the invention, there is a switch block 510 that is arranged to controllably make certain 
connections between a radiating antenna element in the antenna 501 and the ground potential. A switch driver block 
30 51 1 is arranged to provide the switch block 510 with the necessary control voltages that drive the switches in the switch 
block 510 either ON or OFF. The switch driver block 511 generates and applies these voltages as per instructions it 
receives from the control block 507. 

[0042] The control block 507 and the switch driver block 5 1 1 together implement a simple control loop that is illustrated 
in fig. 6. For the majority of time said controlling blocks are in the static state 601 where the mobile terminal operates 

35 within certain cellular radio system(s) and the switches of block 510 are set accordingly. Every now and then there 
happens that the mobile terminal changes to operate within certain other cellular radio system(s). This is detected at 
the detection step 602. As a result of the detection the controlling blocks cooperate at the action step 603,to set the 
switches of block 510 into other states so that the antenna becomes tuned to the operational frequency range(s) of 
the new cellular radio system(s). When the switches have been set, the controlling blocks return to state 601 to wait 

40 for the next change of systems. 

USING SEPARATE TX AND RX ANTENNAS 

[0043] Fig. 7 illustrates schematically certain parts of a mobile terminal according to another embodiment of the 
^5 invention. An eye-catching feature of this embodiment is the use of separate antennas for transmission and reception. 
A reception antenna 701 is directly coupled to a receiver block 703, and a transmission antenna 709 is directly coupled 
to a transmitter block 704. Direct coupling means that there is no duplexer or antenna switch therebetween. From the 
transmission antenna 709 there is a coupling to a switch block 710 that includes switches driven by switch drivers 
located in a switch driver block 711 . The control block 707 gives the switch driver block 711 the instructions about the 
50 required states of the switches at any given moment. Regarding pure selection of transmission frequency bands ac- 
cording to the cellular radio system to be used, we may assume that the control block 707 receives from the network 
certain instructions that cause the control block to instruct in turn the switch driver block 711 . 

[0044] Using a separate reception antenna with a fixed operational frequency range for reception means that the 
mobile terminal does not need to know anything about the available cellular radio systems when it is switched on. After 
55 having been switched on the mobile station starts receiving whatever signals there are currently coming from nearby 
base stations. Only after having received sufficient information about the cellular network systems currently available 
the mobile station needs to start transmitting, at which stage it has also received "instructions" or at least implicit 
information on the basis of which it can tune its own transmission antenna to the correct operational frequency band 
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for transmitting. 

USING THE ELECTRICAL TUNING FOR REDUCING EFFECTS OF USER'S HAND 

[0045] Fig. 8 shows a part of the components of fig. 7 with the addition of a feature that can be used to enhance the 
versaulity of an electrically tunable antenna. A directional coupler 801 in the transmission line between the transmitter 
block 704 and the transmission antenna 709 provides the control block 707 with measurement results that describe 
the signals passing between the transmitter block 704 and the transmission antenna 709. Such measurement results 
can be used, in a way known as such, to analyze, how good is the impedance matching between said two components 
The designer of the mobile terminal aims at as good impedance matching as possible 

[0046] When a human user uses the mobile terminal, he most often holds it in his hand. Human tissue brought into 
the vicinity of an antenna has an effect on the electromagnetic characteristics of the antenna. Consequently the user's 
hand causes the .mpedance matching between the transmitter block 704 and the transmission antenna 709 to degrade 
from the optimum achieved by the designer. 

[0047] Following the principle illustrated in fig. 8 the control block 707 may utilize the measurement results it has 
obtained through the directional coupler 801 so that it keeps track of the dynamically changing impedance matching 
situation between the transmitter block 704 and the transmission antenna 709. If the control block detects that imped- 
ance matching has temporarily degraded because of e.g. the user's hand being unoptimally placed, it may try to correct 
the ! situation by instructing the switch driver block 711 lo change the settings or al least one switch in the switch block 
710. The effect of such a changed setting of switch(es) comes immediately into the knowledge of the control block 707 
through a changed reading in the measurement results it obtains through the directional coupler 801 , so the control 
block 707 may react again if necessary. The directional coupler 801 , the control block 707, the switch driver block 711 
and the swrtch block 710 thus constitute a closed feedback-controlled loop. The correct way for the control block 707 
and the switching arrangement to react to specific kinds of obtained measurement results is most appropriately found 
out through simulation and experimenting, and it can easily be stored in the form of machine-readable instructions into 
a program memory of the control block 707. 
[0048] A directional coupler is not the only feasible means of obtaining measurement results that describe the dy- 
nam.cally changing impedance matching situation between the transmitter block 704 and the transmission antenna 
709. Another "p.ckup" means include but are not limited to magnetic field loop antennas implemented as conductive 
30 loops on the surface of a printed circuit board. 

Claims 

35 1. A mobile telecommunications device, comprising 

- a radio transceiver (503, 504, 505, 506, 507, 703, 704, 707) having an antenna port and a control block (507, 

t\J/J t 

40 ' 703°704 707) G C ° nStitUting 3 l0Cal 9 round Potential for the radio transceiver (503, 504, 505, 506, 507. 

- a planar radiating element (101) located parallel to the ground plane (402) and coupled to the antenna port of 
the radio transceiver (503, 504, 505, 506, 507, 703, 704, 707), 

- a number of grounding connections (301/311, 302/312, 303/313, 411/412/413 421/422/423 431/432/433) 
between the planar radiating element (101 ) and the ground plane (402), each of which grounding connections 
is independently controllable by the control block (507, 707) of the radio transceiver (503, 504, 505 506 507 
703, 704, 707) between certain states, wherein the state of each independently controllable grounding con- 
nection (301/311 , 302/312, 303/313, 411/412/413, 421/422/423, 431/432/433) has an effect on certain oper- 
ational frequency bands of the mobile telecommunications device; 

characterised in that the control block (507, 707) of the radio transceiver (503, 504, 505 506 507 703 704 
707) «s arranged to detect changes where the mobile telecommunications device moves from a first cellular' radio 
system to a second cellular radio system, of which operation in said first cellular radio system involves a certain 
first radio frequency range and operation in said second cellular radio system involves a certain second radio 
frequency range that is different than said first radio frequency range, and the control block (507 707) of the radio 
transceiver (503, 504, 505, 506, 507, 703, 704, 707) is further arranged to after the settings of said independently 
controllable grounding connections (301/311, 302/312, 303/313, 411/412/413, 421/422/423 431/432/433) in re- 
sponse to detected changes of said kind. 
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A mobile telecommunications device according to claim 1 , characterised in that the control block (507, 707) of 
the radio transceiver (503, 504, 505. 506, 507, 703, 704, 707) is arranged to detect dynamic changes in impedance 
matching between the antenna port of the radio transceiver (503, 504, 505, 506, 507, 703, 704, 707) and the planar 
radiating element (101), and the control block (507, 707) of the radio transceiver (503, 504, 505, 506, 507, 703, 
704. 707) is further arranged to alter the settings of said independently controllable grounding connections 
(301/311, 302/312, 303/313, 411/412/413, 421/422/423, 431/432/433) in response to detected changes of said 
kind. 

A mobile telecommunications device according to claim 2, characterised in that it comprises a directional coupler 
(801) located between the antenna port of the radio transceiver (503, 504, 505, 506, 507, 703, 704, 707) and the 
planar radiating element (101) for providing the control block (507, 707) of the radio transceiver (503, 504, 505, 
506, 507, 703, 704, 707) with measurement results that describe said impedance matching. 

A mobile telecommunications device according to claim 2, characterised in that it comprises an internal magnetic 
field loop antenna for providing the control block (507, 707) of the radio transceiver (503, 504, 505, 506, 507, 703, 
704, 707) with measurement results that describe said impedance matching. 

A mobile telecommunications device according to claim 1 , characterised in that the control block (507, 707) of 
the radio transceiver (503, 504, 505, 506, 507, 703, 704, 707) is arranged to receive from a cellular radio system 
information describing available cellular radio systems at the current location of the mobile telecommunications 
device, and the control block (507, 707) of the radio transceiver (503, 504, 505, 506, 507, 703, 704, 707) is further 
arranged to alterthe settings of said independently controllable grounding connections (301/31 1 , 302/31 2, 303/31 3, 
411/412/413, 421/422/423, 431/432/433) in response to said information received from acellular radio system. 

A mobile telecommunications device according to claim 5, characterised in that the control block (507, 707) of 
the radio transceiver (503, 504, 505, 506, 507, 703, 704, 707) is additionally arranged to detect dynamic changes 
in impedance matching between the antenna port of the radio transceiver (503, 504, 505, 506, 507, 703, 704, 707) 
and the planar radiating element (101), and the control block (507, 707) of the radio transceiver (503, 504, 505, 
506, 507, 703, 704, 707) is also arranged to alter the settings of said independently controllable grounding con- 
nections (301/311, 302/312, 303/313, 411/412/413, 421/422/423, 431/432/433) in response to detected changes 
of said kind. 

A mobile telecommunications device according to claim 1 , characterized in that the radio transceiver (503, 504, 
505, 506, 507, 703, 704, 707) has two antenna ports, which are a reception antenna port and a transmission 
antenna port, and the the mobile telecommunications device further comprises a reception antenna (701 ) coupled 
to said reception antenna port and a transmission antenna (709) coupled to said transmission antenna port, so 
that said planar radiating element (101) is part of said transmission antenna (709). 

A mobile telecommunications device according to claim 7, characterized in that said reception antenna (701) 
has a fixed operational frequency band. 
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